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A structural classification based on stem density and basal area over stem diameter classes is presented and 
compared to the floristic classification. The structural approach successfully separated forests into condition 
types. It only partially agreed with the floristic classification although that had also been interpreted in terms of 
forest condition. 
'n Strukturele klassifikasie gebaseer op stam-digtheid en basale oppervlakte oor stam-deursneeklasse is 
vergelyk met die floristiese klassifikassie. Die strukturele benadering was suksesvol en het die woude in terme 
van toestandsklasse gegroepeer. Alhoewel die floristiese klassifikasie ook in terme van woudtoestand 
beoordeel was, het die strukturele klassifikasie slegs gedeeltelik met die floristiese klassifikasie 
ooreengestem. 
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Introduction 
There has recently been much discussion in southern 
Africa on the need to classify forests using structural 
features. Floristic classifications require that species be 
identified and this often takes a considerable amount of 
time. A structural classification is also important to 
workers with no special interest in the floristic 
associations but who are more concerned with structural 
relationships between and within forests . The task group 
of the Forest Biome has in recent years spent 
considerable time both in the theory and practice of 
using various structural parameters in an attempt to 
classify forests. A tremendous amount of work is still 
required to enable the task group to provide a suitable 
framework of structural features that need to be 
included in survey work which would be suitable for 
various disciplines (e .g. ornithology, geography) . Cawe 
& McKenzie (1989) classified the afromontane forests of 
Transkei using quantitative floristic data . The present 
paper describes attempts to use only structural data to 
classify the forests and to compare the most successful 
structural classification with that of the floristic 
classification . 
Methods 
The sampling strategy and the data collected for the 
structural analysis is the same as described for the 
floristic classification (Cawe & McKenzie 1989). Struc-
tural paramaters were thus gross features (e.g . basal 
area , density, diameter classes). Finer features (e .g. leaf 
size, leaf shape , bark characteristics) were not 
considered. The first structural aspect that was consid-
ered was basal area. The basal area of all 200 plots was 
compared with Huntley's (1984) figures to see how the 
afromontane forests of Transkei fitted his classification 
of southern African woody vegetation types . In the 
second part of the analysis numerous data sets (e .g. 
various ranges of dbh classes, basal areas and densities in 
isolation or in combination) were employed in an 
attempt to get a satisfactory classification using 
TWINSPAN (Hill 1979). The most successful of some 30 
data sets used was: 
p=b+d/2 
where: p is the importance value of a species , b is the 
relative basal area of the species and d is the relative 
density of the species. 
Only the results of this analysis are reported. Eighteen 
dbh classes were used; the smallest being 1-4,9 cm and 
the largest comprising stems with a dbh of 95 cm or 
greater. Intervening classes all had equal intervals of 
5 cm . 
The variance and inter-correlations between basal 
area, total density , canopy , subcanopy and shrub 
density , slope, the number of species per plot and aspect 
were analysed, using Duncan's multiple range test to 
find structural types that were significantly different at 
the 0,050 level. 
Results and Discussion 
Variability of basal area 
Average basal area for trees (with dbh greater than or 
equal to 1,0 cm) in all forest types is 42,9 m2 ha') with a 
standard deviation of 16,29 while, on the other hand, 
average stem density for all forest types is 2 587 stems 
ha-1 with a standard deviation of 1 219. Basal area per 
species is also much less variable than density per 
species. Rogers & Moll (1975) found a similar pattern in 
10 stands of coastal forest in Natal, just north of the 
study area, where basal area varied by 20% whilst stem 
density varied by 60% . On the basis of their findings 
these authors suggested that basal area may have 
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absolute significance akin to carrying capacity. 
Huntley (1984) used basal area to distinguish the 
forest biome in southern Africa from allied woody 
vegetation types , giving the following figures (m2 ha- ' ) 
for the various biomes: 
Afromontane forest (southern Cape) ... . . . .......... 40 - 50 
Lowland forest . .... ......................... . . .. .. ... ... ... . ... 40 
Miombo ... . ... . ........ . .. . ... .......................... .... 10-16 
Moist savanna . .......... ....... ..... . .... . ... . ...... . .... .. . 5-10 
Dry savanna .. . .. . . . ... ........ .. ......................... ... .. ... 5 
In the light of these data it is interesting to note that 
although the mean basal area (42,9 m2 ha- I ) in the forests 
of the present survey is well within the range for 
afromontane forest in the southern Cape (Geldenhuys 
1980) , the range in basal area covers the spectrum from 
moist savanna to afromontane forest and beyond (Figure 
1) . Almost half the plots (48,5%) have a basal area less 
than 40 m2 ha-1 , and the modal range (30 - 40 m2 ha-' ) is 
also less than this figure. In their study of coastal forest , 
Rogers & Moll (1975) recorded an average basal area of 
31 ,3 m2 ha- ' . Similar basal area figures have been 
reported by Reiners & Lang (1979) in cold temperate 
forest in the north-east United States of America, 
Proctor et at. (1983) in tropical rainforest in Malaysia 
and by Whitten (1982) for tropical rainforest in 
Indonesia. Basal area in natural forests worldwide 
therefore generally varies between 30 and 50 m2 ha- I , 
depending to a large extent on site characteristics . 
Implicit in the variation of basal area within each of 
the forest associations described by Cawe & McKenzie 
(1989) is that these associations are variable in structure. 
Contrary to the assumptions of Werger (1974) and 
Westhoff & van der Maarel (1978), floristic similarity 
does not necessarily imply structural uniformity. The 
results obtained from the TWINS PAN classification 
further highlight this variability. 
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Classification 
Results of the structural classification are summarized in 
Figure 2. Eight structural types are delimited at the third 
level of division of TWINSPAN. The first division of 
TWINSPAN separates the groups on structural condi-
tion as represented by basal area and canopy density. 
Types I to IV have a significantly higher basal area than 
types V to VIII and generally have a higher canopy 
density. The first four types therefore represent forest in 
fairly good condition with a closed canopy while the last 
four types represent poorer forest. 
The second TWINSPAN division is based mainly on 
differences in subcanopy and shrub densities, although 
these are not statistically significant in all instances. 
Structural forest types I and II generally have lower 
subcanopy and higher shrub densities than structural 
forest types III and IV, while types V and VI generally 
have higher subcanopy and significantly lower shrub 
densities than structural forest types VII and VIII. The 
reasons for the third division are more subtle. Salient 
features of this division are discussed where necessary as 
each structural type is described. 
Structural forest type III has the highest basal area and 
density of canopy trees and a correspondingly lower 
density of shrubs suggesting that this structural forest 
type is closest to the virgin condition. Statistically 
significant differences between this structural type and 
structural type IV include the considerably lower basal 
area of the latter and the fact that they generally occur 
on different aspects; structural forest type III being 
predominantly on south-eastern (135°) aspects and type 
IV on southern (180°) aspects. 
Structural forest types I and II are fairly similar, both 
being representative of forest in fairly good condition. 
Although both have high basal area, the higher mean 
canopy density and the correspondingly lower shrub 
density for structural forest type II probably indicates 
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Figure 1 Basal area distribution in the afromontane forests of Transkei. 
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200 
I 
Structural Type III IV V VI VII VIII 
Number of Plots 10 32 13 44 47 29 13 12 
Basal Area (m Z /hal 50,49 50,44 60,02 46,90 40,77 34,65 23,85 28,30 
(anopy Density 109 156 214 180 148 111 59 46 
Subcanopy Density 370 458 597 494 632 826 489 684 
Shrub Density 2 444 1 669 1 341 1 559 1 953 1 412 2 924 3 234 
(Note: density refers to number of stems/hal 
Figure 2 Dendrogram illustrating the eight structural forest types together with some of their attributes. 
less exploitation. 
Structural forest types VII and VIII represent the 
poorest type of forest with an open canopy and a dense 
shrub layer. Basal area and canopy density are 
significantly lower than in all other types while shrub 
density is higher. Basal area in structural forest types VII 
and VIII is considerably lower than the generalized 
figures quoted for afromontane forest (Huntley 1984) . 
This is most probably a result of excessive exploitation in 
these demarcated forests . 
Structural forest types V and VI also have a low basal 
area and thus represent heavily exploited forest. The 
only significant difference between them is the higher 
density of shrubs in structural forest type V. Together 
they comprised 38% of the sample, bringing the total 
percentage of structurally poor forest to 50,5% , a figure 
very similar to that determined using floristic data (Cawe 
& McKenzie 1989). 
There is a high correlation (r = 0,85) between mean 
canopy density and mean basal area in the eight 
structural classes . The high correlation could be 
expected because canopy trees account for a very high 
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Figure 3 Regression of canopy density on basal area. 
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proportion of the basal area despite the fact that they 
often constitute less than 10% of the stems in a stand. 
The relationship between mean canopy density and 
mean basal area is shown in Figure 3. 
Mean canopy density is inversely related to mean 
shrub density (r = 0,896) ; exclusion of the outlier 
structural forest type (VI) results in a higher correlation 
(r = 0,988). The two curves are shown in Figure 4. The 
inverse relationship suggests that a low canopy density 
permits more light into the lower strata leading to an 
increase in the density of shrubs . Presumably , self-
thinning then occurs leading to a lower shrub density and 
a greater density of larger trees with little change in basal 
area. 
There is no correlation between mean canopy density 
and the mean density of canopy species in the shrub 
layer (r = 0,178) . The higher density of stems in open 
canopy forest is due to species other than canopy 
species. The higher stem density in the shrub layer of 
open canopy forest could be due to an influx of shade-
tolerant shrubs or that subcanopy trees and shrubs , 
regardless of shade tolerance , regenerate more profusely 
in more open canopy. 
There is no correlation between mean density of the 
canopy and the mean number of species in the shrub 
layer, or the mean number of species which were 
restricted to the shrub layer. It is therefore unlikely that 
the higher density of saplings in the more open forests is 
due to a greater variety of species. There is no 
correlation between the mean number of species in a 
structural class and the mean number of plots in that 
class . There is therefore no linear relationship between 
the number of species and sampling intensity . 
There is a high correlation (r = 0,965) between mean 
canopy and mean subcanopy density in the closed 
canopy forests, but not in the open canopy forests 
(Figure 5). The basal area and density of stems in the 
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subcanopy and shrub layers of closed canopy forest 
could be calculated from the density of canopy trees . 
Since the canopy trees constitute a low percentage of the 
overall density , sampling time in closed canopy forests 
could be reduced considerably by merely enumerating 
only the large trees within a given area . The density of 
subordinate strata could then be estimated from the 
linear relationship between the larger and smaller trees. 
The distribution of the structural types within the 
floristic associations (Cawe & McKenzie 1989) is sum-
marized in Table 1. All the floristic associations 
comprise six or more structural types, and it is only in the 
Xymalos monospora-Ocotea bullata association (4) that 
structural forest types VII and VIII (representing open 
canopy forest) were absent. The absence of these open 
canopy structural types in the Xymalos monospora--
Ocotea bullata association (1) is significant in that it 
shows that scarcely any exploitation occurred in it. 
Structural forest types VII and VIII comprise 22% of 
the plots in the Diospyros whyteana association (2), 
which supports the findings of the floristic classification 
that this association represented highly disturbed forest. 
Almost half of the other two structural forest types 
representing poor forest (V and VI) are also found in 
this association while the remainder are almost all found 
in the Scolopia mundii association (3) which is also 
recognized as degenerate . 
The structural forest types representing good quality 
forest, from a potential exploitation viewpoint, (I-IV) 
are fairly evenly distributed among the four floristic 
types. This certainly enhances the fact that a floristic 
classification alone, even if it is based on quantitative 
data, does not account for the intracommunity varia-
bility in terms of forest condition . The results of the two 
approaches highlight the fact that a considerable amount 
of investigation on both structural and floristic 
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Figure 4 Regression of shrub density on canopy density . 
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Figure 5 Regression of subcanopy density on canopy density in closed canopy forests. 
Table 1 Distribution of structural classes within 
floristic associations 
Structural type 
Association II IT! IV V VI VII VrII Tota l 
I 2 9 I II 5 0 2 31 
2 7 14 3 16 19 12 9 11 91 
3 0 6 4 10 18 15 I 0 54 
4 3 6 7 4 3 0 0 24 
Total 10 32 14 44 46 30 12 12 200 
parameters is necessary to develop a method which 
adequately explains forest condition. 
Conclusions 
Almost half of the sample represents forest with a basal 
area less than 40 m2 ha- J which Huntley (1984) gives as 
the bottom line for afromontane forests in southern 
Africa. This highlights the considerable exploitation 
which has occurred in the demarcated forests of 
Transkei, a fact substantiated by both the structural and 
floristic classifications . 
Results of the regression analyses indicate the 
possibility of reducing sampling time by enumerating 
only large trees in a survey and then estimating the 
density of smaller trees using a formula. However, more 
detailed work is required on this aspect. 
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